
Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information  Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302  Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number  

1. REPORT DATE 
30 SEP 1997 2. REPORT TYPE 

3. DATES COVERED 
  00-00-1997 to 00-00-1997  

4. TITLE AND SUBTITLE 
Convectively Driven mean-flows in Partially Enclosed Seas 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
University of Southern California, Los Angeles,Department of Aerospace
Engineering,Los Angeles,CA,90089 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 
 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 
Same as

Report (SAR) 

18. NUMBER
OF PAGES 

2 

19a. NAME OF
RESPONSIBLE PERSON 

a  REPORT 
unclassified 

b  ABSTRACT 
unclassified 

c  THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



Convectively Driven mean-flows in Partially Enclosed Seas.
Prof. Tony Maxworthy

Dept. of Aerospace Engineering,
University of Southern California,

Los Angeles, CA, 90089-1191.
Phone: 213-740-0481

Fax: 213-740-7774
e-mail: maxworth@mizar.usc.edu

LONG-TERM GOALS:
To understand, through laboratory experimentation, the dynamical processes that

are responsible for the density and velocity structure of partially enclosed seas, i.e., those
with a restricted connection to a larger, effectively infinite, reservoir.

SCIENTIFIC OBJECTIVES.
As a prototype for these systems we intend to model all possible aspects of the

dynamics of the Red Sea. We wish to compare laboratory measurements with those taken
during field surveys of the physical properties of the sea.

APPROACH.
Suitably instrumented laboratory models have been and will be constructed of an

idealised Red Sea geometry. These models do and will include the effects of evapouration
and wind-stress at the sea surface, and an exit geometry that mimics the prototype. A
series of experiments have been and will be undertaken to fully explore the characteristics
of these models. Comparison will be made with field observations.

WORK COMPLETED.
A relatively small, idealised, laboratory model of the sea was constructed before

ONR support was forthcoming. This model incorporated a source of buoyancy at its top
surface and suitably modelled exit conditions. Results are discussed below. As a
consequence of these preliminary experiments it has become clear that a new apparatus
needs to be built that is both larger and can incorporate effects (e.g., a wind stress) that
are missing from the present model. This task is presently underway.

RESULTS.
A large number of experiments have been run over the past two years or so on the

small (2m long) apparatus, using a variety of exit conditions. Density and velocity
measurements have been made that show that the frictional model developed by us
appears to be correct. In the cases where the exit has both a sill and a contraction the
scaling laws for both the model and the prototype appear to agree to within experimental
error. Thus both Red Sea and laboratory data can be represented by:

g'=(1.1±0.1)(B2/3)X/(H4/3),
where g' is the buoyancy difference from the surface to depth, B is the buoyancy flux, X is
the distance from the closed end of the sea and H the depth of the exit sill. Velocity
measurements confirm that the exit flow is internally critical. Comparisons with the field



data of Fritz Schott show that this critical condition can be used to estimate the velocity
and volume flux from the sea itself, and to correct the commonly used values of the
surface buoyancy flux. Thus, it is suggested that the correct value should be
3.8x10-4 (cm2 s-3).

IMPACT/APPLICATIONS.
Even with only the present results in hand we are able to make a number of

suggestions for future field programmes. When the results from the new apparatus are at
hand this abiliity will be increased considerably.

TRANSITIONS.
At the moment no transitions exist. It is hoped that in the future a stronger

intercation with the field programmes will be possible, so that each group can gain from
the experience and expertise of the other.

RELATED PROJECTS.
None at this time.
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